This work is part of an Italian National Research Project embracing different aspects of a short life-cycle products supply chains: its modeling, its resiliency and its competitiveness. In fact, this particular kind of products, like fashion goods, toys or electronic devices, have different characteristics compared with long-medium life cycle products and this implies a quite different management as well as competitiveness factors to take into account. Starting from the modeling of a supply chain of this kind, utilizing the Powersim Studio Software implementing the System Dynamics methodology, with the goal of showing its behavior under specific scenarios, some vulnerability causes have been considered in order to make the supply chain more resilient. Finally, the competitiveness dynamics between two companies producing short life cycle items has been modeled and analyzed.
INTRODUCTION
The management of short life cycle products supply chains represents a challenging issue for companies which deal with these particular kind of goods. In fact products characterized by a short life cycle have different features that make them different from medium-long life cycle items. First of all, they are produced only over a limited period of time, which is usually smaller than one year, and after this time window they are completely dismissed from the market. The reason for that is that they soon become obsolete, usually not in terms of their physical features but in terms of brand popularity or evolving technologies. As a matter of fact, this type of products are usually emotional goods: customers buy them because of their huge emotional impact in terms of brand and popularity. This implies a different logic of selling: the emotional customers take for granted the technical quality of the product; what they do not take for granted is the closeness between the product and their aspirations, what they want to be ± or be considered ± by having that item. What the customers buy is above all the idea that surrounds the product, recalled by the brand and by visual details in which they identify themselves.
Moreover short life cycle products, such as fashion goods or electronic devices, whose shortness in terms of lifecycles is mainly determined by the high innovation rate of technology, follow particular purchasing and production logics that must be taken into careful attention.
Companies dealing with this particular type of products have to respond to the market, which is more and more uncertain and unpredictable, quicker than for normal life cycle goods. For this reason, the short life cycle supply chains must become more resilient, in order to reduce vulnerability and better overcome the occurrence of unpredictable damaging events.
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By using the System Dynamics (SD) approach, the authors propose a simulation model devoted to analyze the behavior of a generic short life cycle supply chain. The SD approach has proved to be very effective in modeling and analyzing complex dynamics systems affected by non linearities, feedback loops and time delays, which significantly affect their whole system behavior (Sterman 2000) . More specifically this methodology describes each systems, over a continuous time, in terms of stocks and flows. It UHSUHVHQWV DOVR D SRZHUIXO WRRO IRU IRUPXODWLQJ ³:KDW ,I´ DQDO\VLV LQ RUGHU WR WHst different policies and helping decision makers in making the most proper choice.
In this research work, System Dynamics has been applied for two main reasons:
1. to model a short life cycle supply chain and study its behaviors under different scenarios, and to create a more resilient supply chain against unpredictable events, both of natural types (earthquakes, floods, etc.) and artificial (market changes, terrorist attacks, etc.), internal or external; 2. to study the competitiveness dynamics between two companies producing the same kind of short life cycle product, by identifying the competitiveness factors and with the final goal of determining which of the two enterprises is more successful under various scenarios implemented through the use of a proper decision cockpit.
More in particular, as far as regards the first point, the work focus is on the analysis of the supply chain behavior in case of an external threat (an earthquake), which strikes the main company raw materials supplier. The resiliency aspect is introduced considering the hypothesis of splitting the supply between two different suppliers, with each providing 50% of the total supply, showing that in this case the business continuity is guaranteed, although the production is halved.
The paper is divided as follows: section 2 describes the short life cycle supply chain dynamics and its behavior, while section 3, after a brief literature review (for more details see Briano, Caballini, and Revetria 2009) , discusses how to make this supply chain more resilient, considering a supply disruption caused by an earthquake, showing the difference of relying on two main suppliers instead of only one. Section 4 provides the description of a SD model for the competitiveness analysis between two companies producing a similar short life cycle product; finally in section 5 some conclusion are presented.
ANALYSIS OF A SHORT LIFE CYCLE SUPPLY CHAIN
Among the different goals of this research, which has been conducted within a national Research Project funded by the Italian Ministry of University and Scientific Research, there is the aim of underlining the importance of simulation, and in particular of the System Dynamics methodology, for the study of short OLIH F\FOH SURGXFWV ¶ supply chains. This section focuses on the analysis of this kind of supply chains, whose management, according to Fisher (1997) , is significantly different from the ones relative to a ³QRUPDO´ OLIH-cycle, in several aspects. According to Szozda and Swierczek (2008) , the main differences between the two typologies of supply chains are described in Table 1 . A short life cycle product requires a more responsive, flexible and agile organization compared to a long life cycle one. A more accurate and precise demand forecasting is required because it is concentrated in a limited period of time and it must be accurately followed by the production in order neither to result in products shortage nor in overstock, difficult to get rid of. Regarding this last aspect, considering the limited life duration of the product, it is recommended a precautionary approach, especially at the end of the life cycle, in order not to remain with a stock of unsold items, that can erode the company profit.
Comparing the demand pattern for a short life cycle scenario with a long life cycle one, some significant differences must be noticed: as a matter of fact, the latter presents a higher variance (a more spread demand pattern) distributed around a lower peak (left curve of Figure 1 ) while, on the contrary, short life cycle products, show a more shrunk curve that means a lower variance, with a higher peak (right curve of Figure 1 ). This difference is due to the fact that a short lifecycle product have to be sold in a limited period, because of different causes: obsolescence (like for electronic devices) or fashion trends or because they must be sold under particular events, such as a Football World Cup Championship or Olympic Games. This shrunk time window implies the need of intensive marketing campaigns and an efficient supply chain, in order to sell all the inventory during this time bucket. After analyzing the peculiarities of the short life cycle supply chains demand pattern, a conceptual model that takes into account these features has been designed. As shown in Figure 2 , a three steps supply chain has been considered: items are processed in two different sequential production steps, each one characterized by different production times. The first production step transforms raw materials into halffinished products (Work In Progress ± WIP), whose desired value is a function of the safety stock and of the future forecasting. Semi-finished items pass through another production machine, characterized by a different lead time (in this case there is a fixed delay, as it is shown by the delay symbol in Figure 2 ), which transforms them into finished products that are stored in a warehouse waiting to be shipped to the customers.
Raw materials are ordered from one supplier, although the company could address more than one supplier, in order to protect itself from eventual stops in the supply, but this scenario will be analyzed in detail in the following section. The demand forecasting is given as input to the model and it is continuously updated considering the gap between a double exponential smoothing made on actual sales and the forecasted demand (Wu et al. 2006) ; for the accuracy of the demand itself, and its particular kind of modeling, this conceptual model is particularly suitable for short-life cycle products rather than longer ones.
Considering all these aspects, the System Dynamics simulation model has been implemented in order to better understand how the system behavior changes over time modifying some of its characteristic parameters, like lead times, warehouse initial values or the demand pattern (in other words, giving a more or less accurate shape of the demand forecasting distribution as input) and what are the impacts of these changes on the amount of sold items and, consequently, on the total company profit (Kamath and Roy 2007) .
After these analysis, the focus of the research has been shifted on how to modify this supply chain in order to make it more resilient, able to guarantee the business continuity even in the case of an external threat provided by an earthquake that strikes a raw materials supplier.
BUILDING A RESILIENT SUPPLY CHAIN WITH SYSTEM DYNAMICS
In the last years, catastrophic events such as the terrorist attacks of September 11 2001, the Katrina hurricane or the Middle East wars sensibly modified the concept of preparation to disasters. Consequently the supply chain vulnerability has become a particularly important issue for many companies, generating a big challenge in managing and mitigating the various risks to which they are exposed, through the creation of more resilient supply chains, able to opportunely and efficaciously face unexpected events. Some authors provided definitions and recommendations about supply chains vulnerabilities and resiliency and how to face this issue properly. The most important works regarding this topic have been developed by the following subject matter experts: Bjorn Egil Asbjørnslett, co-ordinator of the "Resilient Global Logistics" project, and Marvin Rausand, Professor in reliability engineering, who described the VWHSV WR EH DGRSWHG IRU D YXOQHUDELOLW\ DQDO\VLV LQ WKHLU ZRUN ³Assess the vulnerability of your production system´; Martin Christopher and Yossi Sheffi -full professors respectively at Cranfield University and Massachusetts Institute of Technology and authors of many works focusing on Supply Chain Resiliency, like for instance ³Building the resilient supply chain´ IRU WKH IRUPHU DQG ³Supply Chain Management under the Threat of International Terrorism´ IRU WKH ODWWHU -that classified the major risks for a company in macro categories depending on their source and provided important guidelines to make a supply chain more resilient.
Starting from the studies provided by these authors, the SD short life cycle supply chain model has been modified in order to make it able to cope with an unpredictable event.
As first step the vulnerability analysis methodology proposed by Asbjornslett and Rausand (1997) , has been applied:
1. to develop an assessment scenario, listing threats and the probabilities correlated to every potential risk scenario, and investigate if there are contingency measures or risk mitigation initiatives in action; 2. to analyze, in a quantitative way, the factors detected in the previous point, classifying threats and scenarios on the basis of the criticalities determined in terms of impact on human, environmental, commercial and real estate resources. 3. Report threats in an appropriate vulnerability map, which can be implemented in different ways. 4. Select critical events in the vulnerability map and then explain how they should be faced in order to reduce the probability of the risky events and their consequences.
After this analysis, all the possible risks have been classified into some categories using the methodology in Christopher and Towill (2002): x internal risks regarding the interruption of a process or to the erroneous application of norms and procedures;
x external risks regarding demand or supply; x environmental risks, related to events that occur outside the supply chain, but that affect it.
In this work, an environmental risk has been chosen, considering the case of a natural threat ± an earthquake ± that strikes the raw material supplier, making not possible the regular procurement flow. In order to prevent this effect, the model has been modified by duplicating the supply flow, meaning that the companies can rely on two different vendors, as suggested by Yossi Sheffi (2005a) regarding the best supply strategy. Figure 3 implements the conceptual scheme provided in Figure 2 by utilizing the Powersim Studio software, so the two figures represent the same model, except for the revenues and cost part, that is only shown in Figure 3 . This tool has been chosen because of its flexibility and completeness, and for the possibility of integrating it with databases and ERP systems, such as SAP®. The flow colored in red in Figure 3 has been added only in the resilient case. While after the earthquake occurrence, there is a permanent interruption of the raw material flow, in the resilient configuration, only one of the two flows is canceled, guaranteeing a supply continuity.
For a proper assessment of the earthquake impact on the supply chain, a comparative analysis of the total revenues, costs and profits, before and after the disruption, has been carried out. Figure 4 shows the behavior of the total revenues, costs and profits before (left graph) and after the earthquake (right graph), in case of a single supplier procurement. As can be seen, before the disruption, total revenues and profits are continuously growing, because the more items are sold, the higher are the revenues and, consequently, profits. On the contrary, a significantly different behavior is found after the earthquake blocks the raw materials supplier: total costs grow rapidly in the initial phase because of the lack of materials and, for the same reason, total revenues reservoir level remains constant because no more items can be sold. A similar behavior is found for total profits, being them the difference between total revenues and costs. As a consequence, a non resilient supply chain, which does not contemplate the hypothesis of a redundancy on the VXSSO\ IORZ UHSUHVHQWV D VHULRXV GDQJHU IRU WKH FRPSDQ\ ¶V EXVLness, because it is not able to always fulfill the products demand. On the contrary, taking into account the Yossi Sheffi (2005b) resiliency principles by splitting the raw material supply among two main different vendors, the company behavior is pretty different. In fact, even after the disruption on one of the raw material supplier, the production continuity is still guaranteed, even if the company works at only the 50% of its capacity, with a halved production. The SD model changes adding the another raw material flow (in red), as shown in Figure 3 .
Analogously to the first supply chain, also for the resilient enterprise an economic comparison, before and after the disruption, has been considered: Figure 5 left graph represents the situation before the earthquake while the right graph shows the various trends after the disruption. These graphs show that there are no substantial differences before and after the disaster, exFHSW IRU GLIIHUHQW YDULDEOHV ¶ YDOXHV ZKLFK are of course higher before the earthquake when the company can benefit of a complete raw material procurement. Instead, in the lower graph, the company is able to guarantee the production continuity only at the 50% of its capacity, because its procurement has been halved.
In conclusion, a resilient enterprise is able to guarantee the production also in the case of an external risk ± as an earthquake ± and, although the total profit has been halved, there is not a dramatic change in the company economic trend. On the contrary, without considering a redundancy on the procurement flow, the production is stopped causing a negative economic impact on the company profit.
THE COMPETITIVENESS ANALYSIS ABOUT SHORT LIFE CYCLE SUPPLY CHAINS
Supply chains, resilient or not, are subjected to the sales behavior, which is in turn affected by the competitiveness of the market; in the following section the competitiveness dynamics regarding two companies producing short life cycle products is analyzed and compared, properly identifying and weighting all the factors that affect it. Competitiveness is a critical issue in the market analysis context, especially in the current globalization era. In fact, it has a great impact on the sales pattern and it is composed of various parameters, which have been constantly studied and monitored; this is especially true for short life cycle products, which are often subjected to emotional aspects, technology level and brand affection. Also the concept of attractiveness is complex to be analyzed, being determined by factors that change not only in relation to goods, merchandise or services type, but also to emotional aspects that are part of what is known as the sphere of the psychology of purchase.
In this work, the interaction between two competitors, called for sake of simplicity A and B, has been studied. The idea is to evaluate, basing on some typical competitiveness parameters, which product is more competitive in the market against the other one, guaranteeing a higher value of sales and, consequently, a more positive impact on its supply chain; in fact, as seen in section 2, sales affect the demand forecasting and, as a consequence, the production level of the whole supply chain.
The different parameters taken into account in this competitiveness analysis have been associated to specific weights: the bigger the weight value, the more important the relative competitiveness factor; the total competitiveness of the product is given by the sum of the scores registered by the product for each factor multiplied by its weight.
Especially in the case of short life cycle products, when the projection of demand is made over a limited time, the competitiveness or attractiveness of products in respect to the market, is difficult to determine because it is related to a process depending not only on quantitative data but also on the feelings of the buyers/consumers, which are not necessarily rational or in line with the quality of the specific good or service. Regarding the quantitative factors, the most significant and immediate ones are the retail price, the market share, the number of sales in a defined period of time.
The overall quality, that represents the consumer perception of the product-service as a whole, represents a qualitative factor, more difficult to estimate and quantify because it is in relation to the characteristics that each customer considers to be essential.
In order to compare the quantitative and qualitative factors identified, the Matrix approach proposed by General Electric, better known as the Directional Policy Matrix (DPM) developed jointly with McKinsey & Company, has been used, resulting in the most suitable methodology to make this kind of analysis. The basic concept of this matrix is to relate, using a criterion of "scoring" and weighing of variables, all the significant factors which are not directly comparable (Collis, Campbell, and Goold 1999) .
Following the DPM structure, a SD model ( Figure 6 ) has been developed.
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Figure 6: The SD model regarding the competitiveness between two companies producing short life cycle products In order to determine the attractiveness indexes of each product, the following step-by-step procedure has been used:
1. choose the variables most related to the success of the product in the market; 2. evaluate, for each of the variables chosen, the "direction" of the correlation. There are in fact variables which grow together with the attractiveness of the considered target market, and variables that behave exactly in the opposite way (consider, for example, price); 3. evaluate the "weight" of the variables, considering their relative importance within the competitive scenario. For each of them, an increasing value is assigned according to the particular type of the customer opinion that may be poor, sufficient, good or excellent (i.e. poor=0, sufficient 0.25, good=0.5, excellent=1); 4. calculate, on the basis of the previous steps, a weighted index devoted to provide a synthetic evaluation of the attractiveness of each product, considered referring to the specific project of internationalization.
The attractiveness weighted index is determined applying, for each product under consideration, the following formula:
( 1) where I represents the attractiveness weighted index, x 1 «[ n are the n variables considered and p 1 «S n their weights.
The product attractiveness index is characterized by different significant parameters: the product perceived quality, the brand popularity, the intrinsic quality and the product price: the first parameter characterizing the product attractiveness is the quality perceived by consumers. This aspect, together with the price, is decisive for the success of a certain product. For this reason, it is important for companies to invest in the optimization of tools able to promptly gather information devoted to improve the product itself and so the customer satisfaction. The perceived quality is affected by a series of characteristics, like product design or reliability.
Another feature considered in the model is the brand popularity: this is the image that a company has built over time, ensuring the retention of customers who value its brand. Also for this feature a scoring criterion affecting the overall competitiveness of the product has been determined.
The variables defining the intrinsic quality RI D SURGXFW DUH JHQHUDOO\ WKH PDWHULDOV ¶ FDSDELOLW\ WR ODVW over time and the capability of the product to maintain its utility.
The last key factor determining the attractiveness index is the product price, which is, together with the perceived quality, probably the most important one to decree the product success; SULFH LV LQ IDFW FRQVLGHUHG RQH RI WKH ³3´ SURGXFW SULFH SODFH SURPRWLRQ WKDW LV RQH RI WKe variables of the marketing mix. The company makes pricing decisions when a new product is launched, when an existing product needs a change of the price, or when it has to react to changes in the price of the competitors. The pricing of a product is influenced by internal factors (marketing objectives and costs) and external factors (market and demand, competition, fluctuations in the exchange rate and anti-dumping legislation).
Another key factor to take into account, apart from the product attractiveness, is the attractiveness of the market, which is defined uniquely by the total revenues generated by the two companies operating in the market over the time period of a year, multiplied by the expected growth rate of the same sector; this makes possible to give an estimate of what are the potential revenues for the following year.
In the SD model, the market attractiveness index has been defined in the same manner as the one for the products:
where the variables considered refer to the two companies total revenues and their expected growth rate.
The model also considers the calculation of economic performance indicators, like ROI (Return on Investment), ROS (Return on Sales) and EBIT (Earning Before Interests and Taxes) and, moreover, a de-FLVLRQ FRFNSLW KDV EHHQ EXLOW LQ RUGHU WR KHOS GHFLVLRQ PDNHUV WR IRUPXODWH ³:KDW ,I´ DQDO\VLV YDU\LQJ WKH parameters and performing different scenarios.
The SD model has been used to perform three different competitiveness scenarios: in all of them, the company A is a leader in its market while the role of company B changes continuously: in the first scenario company B is also a leader, while in the second one it adopts thH VWUDWHJ\ ³IROORZ WKH OHDGHU´ DOLJQHG ZLWK WKH GHFLVLRQV RI WKH FRPSDQ\ $ DQG LQ WKH WKLUG RQH LW DGRSWV DQ ³HIILFLHQW SURGXFWLRQ´ strategy, devoted to follow the leader directives, but trying to optimize the productive process (typical of a company with a low market slice).
The results provided as output of the model in the three different scenarios highlight the importance, in order to grow the market quota for company B, to adopt the leader strategy, hindering the company A predominance. However, this implies for company B significant efforts in terms of investments that could be also very risky. On the other hand, using the other two strategies (follow the leader and efficient pr oduction), the company B records higher values of ROI and ROS and, espeFLDOO\ LQ FDVH RI ³IROORZ WKH OHDGHU´ VWUDWHJ\ DOVR DQ KLJKHU RSHUDWLYH UHVXOW PDNLQJ WKHVH DOWHUQDWLYHV OHVV ULVN\ DQG HFRQRPLFDOO\ preferable compared to the leader strategy.
CONCLUSION
This work aimed to provides a description and analysis regarding different important aspects of short life cycle products supply chains, utilizing the System Dynamics approach and simulation. After underlining the main differences between a short life cycle product supply chain and normal ones, the dynamics and the behavior of the former have been studied in more detail, evaluating a real case study with a three-step production (raw materials, semi-finished products and finished products). In a second step, the resiliency concept has been introduced, considering a particular type of external threat: an earthquake that strikes the raw material supplier. The obtained results show that the resilient organization guarantees the business continuity thanks to its redundancies, versus the non resilient one, which is not able to satisfy the demand in case of disruption.
Finally, in the last part of the paper the attention is focused on the competitiveness and attractiveness aspects between two companies producing short life cycle products, by utilizing another SD model and the approach provided by the Directional Policy Matrix.
